I. INTRODUCTION
Renewable energy, especially solar photovoltaic (PV), currently play an important role in the global technological scenario with the growing global demand for energy. Gridconnected or grid-tie PV power systems installed near the consumer are used to efficiently generate and distribute electricity without battery storage. Distributed generation brings several benefits such as lower transmission costs, fewer losses and reduction of urgent investments on huge power plants and transmission lines to supply the increasing electricity peak demand in many countries [1] . Distributed photovoltaic systems are rapidly growing and many studies show that PV and other renewable sources will highly contribute to the world's needs of electricity in next decades [2] . 1 A grid-connected PV system comprises at least the following parts: solar module, inverter and utility grid. Fig. 1 illustrates a grid-connected PV system based on a two-stage grid-connected power converter.
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The technical literature on power converters for gridconnected PV systems is extremely wide. Depending on the characteristics of the PV system (input and output voltage levels, rated power, electrical isolation) several converter topologies may be used. Along the past years many authors have proposed many different converters for PV applications. Some examples may be found in [3] [4] [5] . PV applications for residential use are rapidly growing towards the usage of module-integrated converters (MIC) generally in the power range bellow 500 W.
A literature review of MIC topologies was made in [6] . MIC converters may have a capacitor DC link or can employ a pseudo DC link with reduced capacitance or without capacitor. Fig. 1 shows a possible structure of a two-stage single-phase MIC inverter with a DC link capacitor. Many converter topologies may be employed and many kinds of MIC inverters can be found in the literature using half-bridge, full-bridge, push-pull, buck-boost, flyback, Cuk and other structures. This work uses a DC-AC H-bridge inverter with a high-frequency transformer and a low-frequency inverter cell in order to evaluate a resonant current control regulator to synthesize a sinusoidal output current. Alternatively, the DC-AC inverter with high-frequency transformer may be used with a transformerless DC-DC converter. Figure 2 shows a two-stage converter using an H-bridge inverter in the output [7] formed by switches Q3-Q6. The high-frequency transformer is employed on the DC side, which is composed by the half-bridge DC-DC converter formed by switches Q1-Q2 and the rectifiers D1-D4. One major characteristic of this structure is the fact that switches Q3-Q6 must support high voltages when the transformer turn ratio (N) is high. Thus, low-voltage MOSFETs may not be employed. This structure is generally employed in commercial PV converters [6] . Figure 3 shows an improvement on the converter of Fig. 2 , where a full-bridge and a passive snubber are employed on the DC-DC side [8] . The output H-bridge inverter remains the same. Figure 4 presents an H-bridge inverter employing a highfrequency output transformer, differently of the structures presented in Figs. 2 and 3. However, this converter operates as a voltage source and employs a bidirectional switch to allow working in the two half-cycles of the grid voltage. However, this converter presents low efficiency [9] . Typically, the hosen to be 1/1 nverter is swit e 2 kHz and the be = 3 kHz 10 µF and =
II. BRIEF REVIEW OF GRID-TIE POWER CONVERTERS BASED ON THE H-BRIDGE
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By using average variables and small signal components, the natural system behavior is preserved and the high frequency components are neglected. The substitution of small signal components as defined in (5) into the state equations leads to the small signal AC equations from which the system transfer function may be obtained. In (5), ̅ = + , where means the DC value of a variable and means the small-signal AC perturbation.
By replacing (5) in (2)- (3), applying the Laplace transformation to the resulting equations and neglecting the DC components, the small-signal AC linear equations given in (6) are found.
From equations (6) the s-domain transfer function (7) of the inverter output current is obtained.
where:
E. Model verification
In order to verify the validity of the transfer function of equation (7), an ACSWEEP analysis was done on the circuit of Fig. 6 in the PSIM simulator. The analysis was carried considering the behavior of the grid current with smallsignal variations of d. The analysis was done in the range of 10 Hz to 10 kHz and the result is plotted in Fig. 7 together with the Bode plot of the transfer function of equation (7).
IV. CONTROLLER SYSTEM
A. Controller structure
A current controller is used to produce a sinusoidal current synchronized with the grid voltage at the output of the RC filter (i.e. at the point of coupling of the inverter with the grid). Figure 8 shows the block diagram of the current controller employed in this work, where is the current reference, ( ) is the compensator, ( ) is the inverter transfer function defined in (7), and is the feedback gain. Many types of current controllers for grid-connected inverters have been proposed in the literature. Controllers employing linear PI (proportional and integral) or PID (proportional, integral and derivative) compensators are the most widely used due to their ease of implementation and effectiveness. A PI of PID compensator presents infinite gain at zero frequency, providing zero steady state error when the controlled variable has a steady state DC value [13, 14] . When controlling sinusoidal currents, as is the case of the output current of the grid-tie inverter, PI-based controllers are not very effective and invariably present some amplitude or phase error even when the compensator is correctly tuned.
Furthermore, in practical applications PI or PID compensators are strongly affected by measurement DC errors and integrator very easily saturates. The infinite DC gain combined with the integrator action causes the integrator to saturate and the compensator response deteriorates. This problem can be minimized by eliminating measurement errors, however good results may not be always achieved in practice.
The proportional and resonant (P+RES) compensator is an alternative to the steady state error and integrator saturation of PI and PID compensators. Besides eliminating the problems discussed above, the P+RES compensator does not require coordinate transformations nor require PLL (phase-locked loop) synchronization, hence can be easily implemented in single-phase systems [13] .
The P+RES compensator has the transfer function presented in (8), where is the proportional gain, is the integral gain, is the synchronous angular frequency. The P+RES compensator has the same performance of a conventional PI combined with synchronous coordinate transformations [15] . Hence the current controller based on the P+RES compensator may achieve zero steady state error with sinusoidal currents. (8) (13) pensator zero set to 2 kHz n in Fig. 10 . = 657.1. n the P+RES (14). Fig. 11 er frequency an nce must be u which mak duces the effe resistance the reased.
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